A biochar based adsorbent prepared from Eichhornia crassipes-molasses bio-composite was tested for its ability to remove methylene blue from aqueous solutions. Molasses were used as a granulating media for powdered biomass making it easier to prepare the biochar under set conditions. The 
INTRODUCTION
Pollution as a result of industrial and human activity is becoming a concern for local and water authorities due to increased cost of water purification. One of the major contributors to water pollution are dye and pigment manufactures, pulp and paper, printing and textile industries. Reports from various researchers suggest that a total of 7x10 5 metric tons of dyes are produced annually worldwide from about 10000 commercially available dyes (Nadhini et al., 2012; Hameed et al., 2008) . The dying process produces huge volumes of colored water effluent. Ratna and Padhi (2012) estimated that between 10-15% of dye is disposed of thereby making a highly colorful effluent. Discharge of huge volumes of dye effluent into rivers or lakes interferes with aquatic life and *Corresponding author. E-mail: mathewmupa@daad-alumni.de.
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Aerobic biological processes
Coagulation-flocculation and precipitation (Yuan et al., 2006; Bidhendi et al., 2007) Adsorption: adsorption with activated carbon (Namasivayam and Kavitha, 2002) , adsorption with activated alumina and other metal oxides, biosorption (Srinvasan and Viraraghavan, 2010) , adsorption with biochar (Agarwal et al., 2015) Anaerobic biological treatment process
Electrocoagulation (Chen, 2004) Irradiation (Anjaneyulu et al., 2005) Oxidative processes: Ozonation, oxidative processes with hydrogen peroxide, oxidative process with sodium hypochlorite, photochemical oxidation process, and electrochemical oxidation processes. (Bautista et al., 2008) Membrane processes: reverse osmosis, micro-filtration, biofiltration, ultra-filtration, Nano-filtration (Chen et al., 2005) . the dye compounds and their degradations products are known to be toxic or carcinogenic due to aromatic nature of most dyes (Kant, 2012; Mathur et al., 2005) . This has necessitated the need to develop viable dye effluent treatment methods. Current dye treatment methods can be broadly classified into physical, chemical, biological processes. A summary of reported treatment methods for textile effluent are listed in Table 1 .
Eco-friendly dye effluent treatment methods continue to attract the interest of many researchers and these include bio-sorption techniques. Quite a number of bio-sorption techniques and adsorbents based on renewable biobased raw materials have been developed and tested for use in the treatment of dye effluent (Vijayaraghavan and Yun, 2008; Aksu, 2004) . In this research article we report a possible environmentally friendly application of an Eichhornia crassipes-molasses based biochar in the removal of methylene blue (Figure 1 ) from synthetic wastewaters. Eichhornia crassipes better known as water hyacinth is a highly invasive water weed and poses environmental problems. Application of biochar prepared from different biomasses for textile effluent treatment has been reported by some researchers. Table 2 shows a comparison of adsorption capacity of different biochars for methylene blue. Biochar potential applications have also been demonstrated in heavy metal removal in effluent water (Yang et al., 2013) and soil amendments in agriculture (Lehmann et al., 2011; Jha et al., 2010) .
MATERIALS AND METHODS
Chemicals
Chemical reagents were of analytical grade and were used without further purification. This includes hydrochloric acid purchased from Radchem (Pvt) Ltd, RSA, methylene blue from Skylabs (Pvt) Ltd and sodium hydroxide from Sigma-Aldrich.
Sampling
E. crassipes was harvested from Lake Chivero, 32 km south of Harare and was sun-dried over a period of 30 days. The leafy part was separated from the roots and cut in to smaller pieces. The biomass was ground in a laboratory mill and sieved through 75 µ sieve.
Equipment
A Genesy 10s UV/Vis spectrophotometer supplied by Thermo Fisher Scientific GmbH, Germany was used to determine concentrations of dyes in synthetic effluents. A Thermo Fisher Scientific Nicolet iS5 MIR FT-IR spectrophotometer configured with an ATR accessory and OMNIC software was used to measure spectra of biochar samples. The spectra were scanned within 4000-400 cm -1 range in 256 scans at a resolution of 1 cm -1 . SEM images were recorded on a Tescan Vega3 SEM instrument. 
Preparation of biochar
Ground E. crassipes biomass was mixed with molasses in the ratio of 5:1. The composite mixture which predominantly was granular in nature was dried at 80°C overnight. Exactly 50 g of dried biomass granules were ignited in a muffle furnace at 400°C for 5 h. The resultant biochar was ground to a fine powder and sieved through 250 µ sieve.
Adsorption experiments
Dye solutions were prepared by serial dilution from 200 mg•L -1 solution of methylene blue and were 10, 20, 30, 40 50, 60, 80 100, 130, 150 and 200 mg•L -1 . Dye solutions in which the biosorbent was suspended, were agitated at 125 rpm for 120 minutes. Dye concentrations before and after adsorption were measured using a UV/Vis spectrophotometer. The adsorption parameters were optimized in terms of pH, contact time, and biosorbent dosage. Removal efficiencies and adsorption capacities were calculated using equations 1 and 2 below.
where c0 is the initial concentration in mg•L -1 , ct dye concentration at time t, V volume and m mass of biosorbent in g and qt adsorption capacity at time t.
RESULTS AND DISCUSSION
Physico-chemical properties of the biochar are shown in Table 3 . From the table, it can be observed that Eichornia crassipes had a very high ash content of 43%. The yield was however very high, suggesting that the biowaste can be viable raw material for the preparation biochar. The . Results for BET surface area are similar to biochars prepared from peanut hull, pecan shell and poultry liter under similar condition (Novak et al., 2009 ). However, literature reports suggest that surface area is heavily dependent upon the temperature and the type of biomass (Mukherjee et al., 2011; Özçimen and Erosoy-Meriçboyu, 2010) .
FT-IR spectra help identify functional groups on the adsorbent surface and hence explain the adsorption mechanism. The FT-IR spectrum of water-hyacinthmolasses based biochar is shown in Figure 2 . The FT-IR spectrum exhibit a peak at 1563 cm -1 which could be assigned to C=C-C stretch characteristic of the aromatic ring stretch. Another absorption band at 1375 cm -1 is due to C-H stretch. An absorption band at 1029 cm -1 is evidence of a C-O-C stretch associated with cellulose, hemicellulose and lignin. These IR absorption bands have also been observed for other biochars based on other biomasses (Sun et al., 2011 , Lee et al., 2010 .
The SEM images of biochar samples are shown in Figure 3 . The images show that the biochar consisted of particles with an irregular porous structure. The fibrous nature of some of the particles is also evident in the images.
Adsorption experiments
Effect of pH
The effect on methylene blue adsorption capacity was investigated between pH 2 and 9. The result is illustrated in Figure 4 . From the diagram, one observes a sharp rise 
Effect of contact time
Contact time is important in the sizing of an adsorption plant. The results for the effect of contact time on adsorption capacity are shown in Figure 5 . From the diagram, one observes a steep rise in the removal efficiency in the first thirty minutes up to a maximum of 87.1%. No meaningful improvement in the removal efficiency was observed after this time. This trend can be attributed to the high number of available adsorbent sites in the first thirty minutes.
Effect of adsorbent dosage
Effect of adsorbent dosage is illustrated in Figure 6 . From the diagram one can observe that removal efficiency increased sharply between bio-sorbent dosage of 0.2 and 0.4 g and then gradually between 0.4 and 0.8 g. Above 0.8 g, removal efficiency remained steady and was hence considered as the optimum dosage. According to El Jamal and Ncibi (2012) , the adsorption trend is due to an increase in surface area and hence the number of active. 
Effect of initial concentration
Initial concentration is known to have an effect on the removal efficiency. From the removal efficiency as illustrated in Figure 7 , one can observe a sharp decrease in the removal efficiency from an initial dye concentration of 50 mg•L -1 to 100 mg•L -1
. The trend may be due to the limitation of active sites with increase of initial dye concentration.
Kinetic studies
Kinetic studies were carried out in order to establish whether adsorption processes followed the pseudo-first or pseudo-second order kinetics. The pseudo-first order model can be expressed using Equation 3 below.
where q e is adsorbed dye in mg•g -1 at equilibrium and k 1 the pseudo-first order rate constant. The linearized form of this Equation 3 is given by Equation 4.
Plotting ln(q e -q t ) should generate a straight line with an intercept lnq e and a slope of -k 1. The pseudo second order can be expressed using Equation 5. 
where k 2 is the pseudo-second order rate constant. The linearized form of this equation is given by Equation 6.
The pseudo-second order rate parameters k 2 and q e are obtained from the intercept of the versus t. The results of the pseudo-first and pseudo-second order are illustrated in Figures 8 and 9 respectively. A comparison of the R 2 values suggests in table 4 that experimental data fitted well into pseudo-second order adsorption process. This trend has been reported by other researchers who have worked with similar bio-based adsorbents (Han et al., 2015; Tan et al., 2016) .
Adsorption isotherms
An adsorption isotherm can be described as the equilibrium relationship between the amount of the adsorbed material and the concentration or pressure in the bulk fluid phase at constant pressure. Parameters for adsorption isotherms are important in the sizing of an adsorber. A number of adsorption isotherm models (Freundlich, Langmuir, BET, Temkin, DubininRadushkevich, Flory-Huggin, etc.) formulated over years have been tested on a different adsorption systems. Experimental data for methylene blue adsorption on to E. Crassipes-molasses based bio-sorbent was fitted on to the Langmuir and Freundlich adsorption isotherm models. The Langmuir adsorption isotherm model assumes a mono layer adsorption on a finite number of active sights per unit mass. It further assumes that the adsorbent is structurally homogeneous and that there is no interaction between molecules adsorbed on neighboring sites. The Langmuir adsorption can be expressed using Equation 7. Table 5 . From the R 2 values it can be observed that adsorption fitted more into the Freundlich than the . Experimental data fitted well onto the Freundlich adsorption isotherm and adsorption processes followed the pseudo-second order rate with an R 2 value of 0.9877. FT-IR spectra showed typical IR absorption bands of biochar based materials. The SEM images show that adsorbent had an irregular porous structure.
